Purpose: We examined whether patients with acute respiratory distress syndrome (ARDS) lacking risk factors are enrolled in therapeutic trials and assessed their clinical characteristics and outcomes. Methods: We performed a secondary analysis of patient-level data pooled from the ARMA, ALVEOLI, FACTT, ALTA and EDEN ARDSNet randomized controlled trials obtained from the Biologic Specimen and Data Repository Information Coordinating Center of the National Heart, Lung and Blood Institute. We compared baseline characteristics and clinical outcomes (before and after adjustment using Poisson regression model) of ARDS patients with versus without risk factors. Results: Of 3733 patients with ARDS, 81 (2.2%) did not have an identifiable risk factor. Patients without risk factors were younger, had lower baseline severity of illness, were more likely to have the ARDS resolve rapidly (i.e., within 24 h) (p b 0.001) and they had more ventilator-free days (median 21; p = 0.003), more intensive care unit-free days (18; p = 0.010), and more non-pulmonary organ failure-free days (24; p b 0.001) than comparators (17, 14 and 18, respectively). Differences persisted after adjustment for potential confounders. Conclusions: Patients with ARDS without identifiable risk factors are enrolled in therapeutic trials and may have better outcomes, including a higher proportion of rapidly resolving ARDS, than those with risk factors.
Introduction
From a historical point of view, identification of a risk factor seems to be an important component of the definition of acute respiratory distress syndrome (ARDS). In their original description of the syndrome in 1967, Ashbaugh et al. identified severe trauma, pneumonia and pancreatitis as precipitating factors of ARDS in a series of 12 patients [1] . Similarly, in their article on "an expanded definition of adult respiratory distress syndrome" published in 1988, Murray et al. proposed that ARDS should be defined by a lung injury score combined with acute onset and a known clinical risk factor [2] . Interestingly, the subsequent (released in 1994) American-European Consensus Conference definition of ARDS did not formally require the presence of a risk factor [3] . This was considered a limitation [4] , which was addressed by the latest Berlin definition of ARDS [5] . Indeed, the Berlin definition requires that "for a patient to be defined as having ARDS, the onset must be within one week of a known clinical insult" with the additional clarification that "if none [risk factor is] identified, [there is] need to objectively rule out hydrostatic edema" [5] . Accordingly, when dealing with a patient with suspicion of ARDS, clinicians seek risk factors associated with the syndrome.
Yet most observational studies show that there are cases of ARDS when a risk factor cannot be identified [6] . In a retrospective observational study by Gibelin et al., 12 (1.8%) of 665 patients with ARDS did not have any identifiable predisposing factors [7] . Similarly, in the largest survey on the epidemiology of ARDS (the LUNG SAFE study), a risk factor was not recognized in 8.3% of patients [8] . In a recently published ancillary analysis of the LUNG SAFE cohort, de Prost et al. studied these patients and concluded that "the outcome of ARDS with no risk factor is comparable to other ARDS" [9] . It is not known whether patients with ARDS in the absence of risk factors are enrolled in therapeutic trials and what their characteristics are. By harnessing the high-quality data of the ARDS Network (ARDSNet) randomized controlled trials, which were funded by the National Heart, Lung and Blood Institute (NHLBI), we endeavored to estimate the prevalence, clinical characteristics and outcomes of patients with ARDS with versus (vs.) without identifiable risk factors.
Methods

Patient population
The patient population for this analysis consisted of unique patients enrolled in ARDSNet therapeutic clinical trials, namely the ARMA, ALVE-OLI, FACTT, ALTA and EDEN trials, which were published between 2000 and 2012 [10] [11] [12] [13] [14] . The compared treatment modalities in these trials were lower vs. higher tidal volume [10] , higher vs. lower positive endexpiratory pressure [11] , conservative vs. liberal fluid administration [12] , aerosolized albuterol vs. placebo [13] , and initial trophic vs. full enteral feeding [14] , respectively. For this analysis, we excluded individuals from the SAILS trial (rosuvastain vs. placebo) because all patients should have had a particular risk factor, namely sepsis, to be considered eligible for the SAILS trial [15] . We also excluded individuals from the LaSRS trial (corticosteroids vs. placebo) because they needed to have late-phase ARDS and therefore were substantially different from participants in other ARDSNet trials [16] . Finally, individuals from the OMEGA trial [17] were also enrolled in the EDEN trial and therefore were included in our analysis as part of the latter trial [14] . To be eligible in the ARDSNet trials [10] [11] [12] [13] [14] and hence our analysis, subjects had to be endotracheally intubated receiving positive-pressure mechanical ventilation, had to have a partial pressure of arterial oxygen to fraction of inspired oxygen ratio (PaO 2 :FiO 2 ) of ≤300, and had to present with bilateral infiltrates on chest radiography consistent with pulmonary edema, without evidence of left atrial hypertension [3] . Subjects with underlying illnesses, including chronic heart failure, and those meeting clinical criteria of ARDS for N36-48 h at the time of enrollment were excluded [10] [11] [12] [13] [14] . The Biologic Specimen and Data Repository Information Coordinating Center (BioLINCC) of NHLBI [18] provided us with extensive de-identified patient-level clinical data from ARDSNet trials [10] [11] [12] [13] [14] , after approving the prospective protocol of our analysis (available as Supplemental Material). Our analysis was approved by the Institutional Review Board at Weill Cornell Medicine (#1706018291), which also gave a waiver of the need for informed consent.
Identification of ARDS patients without risk factor
For each patient included in the ARDSNet trials [10] [11] [12] [13] [14] , investigators had to specify the risk factor of ARDS by choosing among the following: "trauma", "sepsis", "multiple transfusions", "aspiration", "pneumonia" or "other". In detail, ARDSNet investigators had to record a primary (i.e., the most important reason leading to ARDS based on their judgment) and a secondary (i.e., a co-existing but less important) risk factor of ARDS for each patient. For example, for a given patient with ARDS, "trauma" could have been chosen as the primary risk factor and "multiple transfusions" could have been chosen as the secondary risk factor. If "other" was chosen as risk factor of ARDS (either primary or secondary), ARDSNet investigators had to elaborate in a free text field available in each case report form. For patients in whom this option (i.e., "other") was recorded, we reviewed the text field to adjudicate whether the patient had or did not have an identifiable risk factor. In cases that this text field was not filled by the ARDSNet investigators (which happened 8 times), we considered that this patient did not have an identifiable risk factor. In Supplemental Table 1 , we present the exact wording used by ARDSNet investigators to describe primary risk factors other than trauma, sepsis, multiple transfusions, aspiration and pneumonia, and our subsequent adjudication regarding the categorization of patients into the identifiable vs. unidentifiable risk factor groups.
For our main analysis, we considered patients without primary identifiable risk factors. Given that for some patients a secondary but not a primary risk factor had been identified, we carried out a sensitivity analysis, for which we only considered patients with neither primary nor secondary identifiable risk factors.
Two subgroup analyses were also undertaken. One subgroup analysis compared patients with identifiable risk factors indicating direct/ pulmonary ARDS (namely, pneumonia or aspiration as primary risk factor) vs. patients with ARDS lacking identifiable risk factors. The other subgroup analysis compared patients with identifiable risk factors indicating indirect/non-pulmonary ARDS (namely, trauma, sepsis or multiple transfusions as primary risk factor) vs. patients with ARDS lacking identifiable risk factors.
Study outcomes and statistical analysis
Continuous variables are presented as median (interquartile range, IQR) and differences between them were estimated using nonparametric Mann-Whitney U test. Categorical variables are presented as count (percentage) and differences between them were estimated using chi-square test or Fisher's exact test, as appropriate. Analysis of the temporal trend in study prevalence of ARDS without identifiable risk factors was performed via study-level least-squares regression weighting studies by the inverse of the sample size.
All-cause 60-day mortality was the primary outcome of our analysis. Patients discharged from hospital with unassisted breathing before 60 days were considered to be alive at 60 days. Kaplan-Meier analysis was used to estimate time to mortality for ARDS patients with vs. without identifiable risk factors. As a secondary outcome of our analysis, we considered the proportion of patients with vs. without risk factors who had the ARDS resolve rapidly, i.e., they had a PaO 2 :FiO 2 of N300 within 24 h after enrollment or achieved unassisted breathing within 24 h after enrollment and remained free from assisted breathing for 48 h or more [19] . Ventilator-free days, intensive care unit (ICU)-free days, and non-pulmonary organ failure-free days also served as secondary outcomes of our analysis. These composite outcomes were calculated by the number of days in the first 28 days that a patient was alive and not on a ventilator, not in the ICU, or free of non-pulmonary organ failure, respectively. To further assess whether outcome differences were due to confounders, a multivariable logistic regression model (for mortality; binary outcome) and a multivariable Poisson regression model (for ventilator-free days, ICU-free days and non-pulmonary organ failure-free days; count outcomes) were used with no imputation for missing data. These models included Acute Physiology and Chronic Health Evaluation (APACHE III) score (a marker of baseline severity of illness), age, and malignancy as covariates. These covariates were chosen a priori in light of recent evidence suggesting that these are the non-modifiable risk factors most strongly associated with worsened outcome from ARDS [20] . An additional post-hoc multivariable Poisson regression analysis was carried out, which used sex in addition to APACHE III score, age and malignancy as covariates. All statistical analyses were done with R v3.2.3 (R Core Team, Vienna, Austria). Two-sided p values of b0.05 were considered to denote statistical significance.
Results
Prevalence
Of the 3733 unique patients enrolled in the ARDSNet randomized controlled trials [10] [11] [12] [13] [14] , 81 (2.2%) had ARDS without a primary identifiable risk factor. Of these 81 patients, 65 (1.7% of the total population) had neither primary nor secondary identifiable risk factors, while for the remaining 16 patients (0.5% of the total population) a secondary (namely, aspiration, sepsis and trauma in 6, 7 and 3 patients, respectively) but not a primary risk factor had been identified. Enrollment of patients without identifiable risk factors into ARDSNet trials decreased over time, from a prevalence of 3.3% in ARMA [10] to 0.9% in the EDEN trial [14] (r-squared = 0.78, p = 0.048).
Clinical characteristics
In Table 1 Table 2 ). With the exception of the usage of corticosteroids, which was more common in patients with identifiable risk factors indicating direct/pulmonary ARDS than in patients without identifiable risk factors (36% vs 22%, p = 0.016) (Supplemental Table 3 ), the above results also persisted in the two subgroup analyses (Supplemental Tables 3 and 4).
Outcomes
All-cause 60-day mortality did not differ significantly between patients with vs. without risk factors [985/3652 (27%) vs. 18/81 (22%); p = 0.41] ( Table 2 ). This finding persisted after adjustment for APACHE III score, age, and malignancy (Table 3) . Similarly, the Kaplan-Meier analysis did not reveal any differences between the compared groups with regard to the probability of death over time (p = 0.2 by log-rank test) (Fig. 1) . However, there was difference between the compared groups with regard to secondary outcomes (Table 2) Table 2 ). These differences persisted even after adjustment for APACHE III score, age, and malignancy (Table 3 ). This was also the case after additional adjustment for sex (Supplemental Table 5 ). The above results also persisted in the sensitivity analysis in which patients with neither primary nor secondary identifiable risk factors were considered (Supplemental Table 6 for the crude and Supplemental Table 7 for the adjusted association between absence of identifiable risk factors of ARDS and outcomes). This was also the case for the subgroup analysis comparing patients with direct ARDS vs. patients with ARDS without identifiable risk factors (Supplemental Table 8 ) and for the subgroup analysis comparing patients with indirect ARDS vs. patients with ARDS without identifiable risk factors (Supplemental Table 9 ).
Discussion
This secondary analysis of data from 3733 individuals with ARDS enrolled in ARDSNet trials suggests that patients without identifiable risk factors were enrolled in the trials and that their enrollment decreased over time. These patients had distinct baseline characteristics (such as lower severity of illness) and better clinical outcomes other than mortality (namely, proportion of rapidly resolving ARDS, ventilator-free days, ICU-free days, and non-pulmonary organ failure-free days) compared to ARDS patients with risk factors.
We found that a risk factor was generally identified in patients with ARDS enrolled in therapeutic trials. However, patients with ARDS without identifiable risk factors were also enrolled in therapeutic trials but in an ever-decreasing rate. The 2.2% prevalence of ARDS lacking precipitating factors in our secondary analysis of interventional trials [10] [11] [12] [13] [14] was substantially lower than the 8.3% prevalence reported in the observational LUNG SAFE study [8] . This may be anticipated as researchers may be more conservative with ARDS designation when recruiting for interventional trials, especially those involving potentially risky treatments, than for observational studies. On the other hand, the decrease in prevalence of ARDS without identifiable risk factors may be challenging to explain. A clue is that earliest ARDSNet trials were carried out shortly after the release of the American-European Consensus Conference definition [3] which had given less importance to the presence of 24 (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) b0.001
Abbreviations: vs., versus; ARDS, acute respiratory distress syndrome; ICU, intensive care unit. Data are presented as n (%) or median (interquartile range).
Patients discharged from hospital with unassisted breathing before 60 days were considered to be alive at 60 days. Rapidly resolving ARDS was defined by a partial pressure of arterial oxygen to fraction of inspired oxygen ratio of N300 within 24 h following enrollment or by achieving unassisted breathing within 24 h following enrollment and remaining free from assisted breathing for at least 48 h. Ventilator-free days, ICU-free days, and non-pulmonary organ failure-free days were calculated by the number of days in the first 28 days that a patient was alive and not on a ventilator, not in the ICU, or free of non-pulmonary organ failure, respectively.
a risk factor compared to the subsequent Berlin definition [5] . Thus, one could assume that the recruitment rate of patients without identifiable risk factors into trials merely reflected the evolving appreciation of managing clinicians regarding the importance of the presence of a known risk factor for accurately identifying patients with ARDS. We found that ARDS patients without identifiable risk factors had different baseline characteristics from those with such factors. This finding corroborates the results of the ancillary study of LUNG SAFE [9] . Indeed, both the abovementioned contribution [9] and our analysis agree that individuals lacking risk factors had at baseline fewer nonpulmonary organ failures compared to those with risk factors. Also, both studies agree that compared groups did not differ regarding usage of corticosteroids [9] . This is interesting because ARDS without predisposing factors presumably includes clinical entities, such as auto-immune or drug-induced disorders, which have been coined as "ARDS imitators or mimics" and may benefit from administration of anti-inflammatory treatment (mainly corticosteroids) [21, 22] .
We found that ARDS patients without identifiable risk factors had better outcomes than those with risk factors. This finding seems robust given that it persisted after adjustment for potential confounders, in the sensitivity analysis and in the two subgroup analyses. One might consider it not surprising that patients with ARDS without identifiable risk factors fared better than those with risk factors as the latter would have a contribution of morbidity from their underlying disease state. Also, this finding is in line with the hypothesis that ARDS without identifiable predisposing factors may lack diffuse alveolar damage at histological examination and therefore it may be associated with a benign course [23, 24] . By performing post-mortem lung histological examination, Thille et al. observed that up to 14% of patients meeting clinical criteria of ARDS (including severe ARDS) did not have any pulmonary lesions and the investigators attributed this specific observation to atelectasis [25] . Although we could not be sure whether this was also the case for our study population due to unavailability of data from open lung biopsies or necropsy, a conjecture can be made that atelectasis might at least partially explain our finding that 22% of patients without risk factors (including several patients initially having severe ARDS) had the ARDS resolved and they were subsequently extubated within 24 h. One may therefore infer that, although we tend to associate ARDS in the absence of risk factors with "ARDS mimics" that could benefit from anti-inflammatory treatment [26] , it might occasionally reflect atelectasis that can respond rapidly to standard care [27] . Practically, when they cannot identify a risk factor in a patient who meets criteria for ARDS, clinicians should keep in mind that this patient might have the ARDS resolve rapidly without the need for aggressive treatment.
Our analysis has limitations. Firstly, although it is based on a large database of 3373 patients with ARDS [10] [11] [12] [13] [14] , it might still have insufficient power to reveal a statistically significant difference in mortality and this may explain why the 5% absolute decrease in mortality associated with absence of risk factors did not reach statistical significance Abbreviations: vs., versus; APACHE, acute physiology and chronic health evaluation; ICU, intensive care unit. Increments of 10 points and 10 years were used for APACHE III and age, respectively. Patients discharged from hospital with unassisted breathing before 60 days were considered to be alive at 60 days. Ventilator-free days, ICU-free days, and non-pulmonary organ failurefree days were calculated by the number of days in the first 28 days that a patient was alive and not on a ventilator, not in the ICU, or free of non-pulmonary organ failure, respectively. All multivariable analyses were complete-case. Data on APACHE III, age and malignancy were missing for 81, 0 and 46 patients, respectively. Fig. 1 . Kaplan Meier curves of mortality of patients with acute respiratory distress syndrome with versus without identifiable risk factors.
( Table 2 ). Secondly, although secondary analyses provide useful insights [28] , they are retrospective and vulnerable to residual confounding. Thirdly, we lacked detailed information on whether patients underwent a comprehensive diagnostic work-up, such as performance of bronchoalveolar lavage or immunological tests, according to a systematic protocol to rule out entities mimicking ARDS. We also could not assess whether they underwent measurement of left heart filling pressures to rule out fluid overload. One could therefore be reasonably skeptical whether all patients without risk factors had indeed ARDS and whether they should have been included in the ARDSNet trials. However, given that these trials were meticulously performed, it is anticipated that the ARDSNet investigators rigorously attempted to rule out fluid overload while screening for potential candidates [10] [11] [12] [13] [14] . Moreover, chronic heart failure was an explicit exclusion criterion of ARDSNet trials [10] [11] [12] [13] [14] and patients with and without risk factors did not differ in terms of baseline renal comorbidities (Table 1) . Fourthly, one could raise concerns on the validity of the information recorded by ARDSNet investigators regarding risk factors. The observation that for some patients a secondary but not a primary risk factor had been recorded might fuel such concerns about possible data entry mistakes. It is also possible that some patients without identifiable risk factor upon ARDS diagnosis might have a risk factor identified later in their hospitalization based on microbiological or radiological information. Since we did not have access to patient charts to perform a thorough review, we could not rule out the above possibilities. However, these were high-quality randomized controlled trials and it may be reasonably expected that data entry was carefully performed [10] [11] [12] [13] [14] . Also, it may be reassuring that the baseline characteristics of patients without risk factors in our analysis were similar to those in relevant observational studies [9] and that our results persisted in the sensitivity analysis, for which we only considered patients with neither primary nor secondary identifiable risk factors. Finally, one could raise concerns on the accuracy of our adjudication regarding the categorization of patients into the identifiable vs. unidentifiable risk factor groups on the basis that only scarce relevant information was generally given by the ARDSNet investigators. To address this concern and for transparency, we reported the exact wording used by the ARDSNet investigators in Supplemental Table 1 . Although we cannot preclude some unintended incidents of misclassification, they seem unlikely to introduce a systematic error undermining the validity of our findings which had strong statistical significance (Tables 2 and 3 ).
Conclusions
In conclusion, this analysis suggests that patients with ARDS lacking identifiable risk factors were enrolled in therapeutic trials in a decreasing rate and they had distinct baseline clinical characteristics and better outcomes other than mortality, including a higher proportion of rapidly resolving ARDS, than individuals with risk factors. Clinicians should be aware that some of the patients without risk factors may respond rapidly to standard care.
